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(57) The present invention is drawn toward inkjet inrv- heterocyclic nitrogen ring and a diazo bond wherein the 

ages that are produced using small volume ink drops, heterocyclic nitrogen is chelated orcomplexed to a tran- 

and display improved visual properties, such as in- sition metal, and may be applied to a print media in drop 

creased lightfastness and optical density. In one aspect, volumes of about 8 pi or less, 
the ink may include a metalized dye having at least one 
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Description 

FIELD OF THE INVENTION 



[0001] The present Invention is drawn to Inkjet images having Innproved visual P'-^P^^'^^.^T^, ''^Idlll 
present invention is drawn to high quality images produced using small volume Ink drops wh.ch d.splay .mproved visual 
characteristics, such as lightfastness and optical density. 



BACKGROUND OF THE INVENTION 



[0002] In recent years, computer printer technology has evolved to a pomt ""^^'^ ^f-'^^^^^'T I^^^Z^JZ 
transferred to various media. Many of such images, are created using inkjet printers which place or • jet ink drops onto 
a print surface. A number of reasons may account for the current popularity of Inkjet pnnting. such as reduced noise, 

. JSorVarstaV^^^^^^^^ -93 .uality and r.ay be ^r^^-^^^ 

desired results sultaWe to specific applications. Such characteristics Include 1 ) edge acuity; 2) lightfastness. 3)opt^l 
4) Tk dry time; and 5) watertastness, among others, and are detemiined by the specific ink formulations and 

[0004? rrddironTo^mage quality, printer equipment perfomiance and reliability are ^^^'''^''^'''^^ll^l^;'^ 
20 [nglnkjetprintersystemswhichareeconomicallyviable.Performanceconsiderationssuchasconsistentpnntaccuracy, 

soeed durability, and long term reliability must be realized. 

[o'oos] Though the above list of characteristics provides a worthy goal to achieve, there are d^fficul les associated 
with satisfying all of the above characteristics. Often, the Inclusion of an Ink component meant to V ^^^^^ 
Tbove characteristics can prevent another characteristic from being met. Thus, most commercial inks '^^^ '"J"^J^^ 
printers represent a compromise In an attempt to achieve at least an adequate response in meeting all of the above 

[o^otrorpr^^^^^ printing application which has recently received much attention by Inkjet printer manufactures 
s the printing of high quality images, such as photo images. In orderto attain enhanced print quality and image quality 
as* a phXaph a variety of special print media have been developed to work wtth aqueous inks^ However, such 
media ioften cost prohibitive and'is limited In Its realistic use. Alternatively, Images have been created usmg mk d^ps 
of relatively small volume In an effort to increase sharpness and achieve a photo pnnt quality level °f ^^^^nfertu^ 
nately It has been found that images produced using small volume Ink drops, such as those less than 5 p , suffer frcjr, 
unusually low performance with respect to several visual characteristics, such as i^htfas ness °P^^-^de"^^^^ 
Particularly, the visual characteristic perfomnance of small volume drops has been shown to be well below expected 

\tZ 'rrS^rmS^lTKt^^^^^^^^^^^ -Capable of achieving photo quality print resolution while maxi^ 
mizinl performance of various print quality characteristics, such as optical density and lightfastness are currently the 
focus of much research. 

40 SUMMARY OF THE INVENTION 

[0008] Accordingly,thepresentlnventionprovidesanlma9eonasubstratewhichlncludes,orlsmadeusingapl^^^^^^^^ 

Lf smill volume inkjet ink drops, said ink having an ink vehicle and a metallzed dye having ^^^'I'^TJ^t^^^^ 
a diazo bond wherein the heterocyclic nitrogen is chelated or complexed to a transition metal. In one aspect the ink 
45 drop volume may be less than about 8 pi. In another aspect, the ink drop volume may be less than about 5 pi 

rooM] in one aspect, the metallzed dyes of the Inks used In the present Invention may include a pyndine group 
bonded to a quinolinol group through an azo bond. In another aspect, the metalized dye may Include a pyndme group 
bonded to a'naphthalene group through an azo bond. In yet another aspect, the PAG metallzed dye may be .n a 

50 S^l^rAtdeTariety of metals, Including transition metals may be used in the metalized dye of the present Inks Jn 
one aspect, the metal may be a transition metal selected from the group consisting of nickel, copper, 'ron. coba^^^ 
Chromium, iron, including di and tri-valent fomis thereof, as well as other di and tri-valent metal ions, and combinations 
thereof. In one aspect, the metal may be nickel. In anther aspect, the metal may be copper. 

[0011] The amount ligand and metal contained in each dye may vary according to the knowledge of one skil^d in 
55 the art in order to achieve a desired result. In one aspect, the ligand and transition metal, may be present in a molar 
ratio of 2:irin;ahott«eR:i;ipect5 \i^Uig^ndT#^|gon metal molar ratio may be 1:1. 

[0012] The amo Jnf ^f meta" ized dye which is included in the inks used in the present invention rrnay be an effe^N^^ 
amount which is detemiined by one ordinarily skilled in the art to be sufficient to achieve a particularly desired result. 
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However, in one aspect, the nnetalized dye may be present In an amount of from about 0.2% w/w to about 8% w/w of 
the Ink. In another aspect, the metalized dye may be present in an amount of from about 1 ,1% w/w to about 6% w/w 
of the ink. In addition to the image recited herein, the present invention additionally encompasses a method for pro- 
ducing such an image. In one aspect, a method for creating an Inkjet image may include the step of jetting small volume 
5 drops of an inkjet ink onto a substrate, wherein the ink has an ink vehicle and an effective amount of a metalized dye 
with at least one heterocyclic nitrogen ring and a diazo bond, and wherein the heterocyclic nitrogen is chelated or 
complexed to a transition metal. Additional inks containing various dyes as disclosed herein may also be utilized in 
such a method. 

[0013] There has thus been outlined, rather broadly, the more important features of the invention so that the detailed 
10 description thereof that follows may be better understood, and so that the present contribution to the art may be better 
appreciated. Other features of the present invention will become clearer from the following detailed description of the 
invention, taken with the accompanying claims, or may be learned by the practice of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

[0014] Before the present images and methods are disclosed and described, It Is to be understood that the present 
Invention is not limited to the particular process steps and materials disclosed herein, but is extended to equivalents 
20 thereof as would be recognized by those ordinarily skilled in the relevant arts. It should also be understood that termi- 
nology employed herein Is used for the purpose of describing particular embodiments only and is not intended to be 
limiting. 

[0015] In describing and claiming the present invention, the following terminology will be used. 
[0016] The singular forms "a," "an," and, "the" include plural referents unless the context clearly dictates otherwise, 
25 Thus, for example, reference to "a dye" includes reference to one or more of such dyes, reference to "an ink" includes 
reference to one or more of such Inks, and reference to "the color" Includes reference to a mixture of one or more of 
such colors. 

[0017] As used herein, "effective amounf refers to the minimal amount of a substance or agent, which Is sufficient 
to achieve a desire effect. For example, an effective amount of an "ink vehicle" is the minimum amount required in 
30 order to create Ink, which will meet the specified perfomiance and characteristic standards. Additionally, the minimum 
amount of a "dye" would be the minimum amount, which can still achieve the specified performance and characteristic 
standards, 

[0018] As used herein, "Ink vehicle," refers to the vehicle in which a dye is placed to fomn ink. Ink vehicles are well 
known in the art, and a wide variety of Ink vehicles may be used to form ink compositions which are useful in the present 
35 Invention. Such ink vehicles may include a mixture of a variety of different agents, Including without limitation, sur- 
factants, solvents, co-solvents, buffers, biocides, viscosity modifiers, surface- active agents, and water. 
[0019] The temns "formulation" and "connipositlon" may be used interchangeably herein. 

[0020] The tenns "print media," "print surface," and "substrate" may be used interchangeably herein, and refer to a 
surface to which Ink is applied in order to form an image. 
40 [0021] As used herein, the phrase "small volume" as applied to ink drops refers to ink drops having an approximate ^ 
size of less than about 1 0 picollters (pi), when applied to a print surface. 

[0022] As used herein, "chroma" refers to the brightness of a color exhibited by the inkjet Ink once printed on the 
substrate. See, R.W.G. Hunt, The Reproduction of Colour, 5^^ Ed., Chap. 8. 

[0023] As used herein, "llghtfastness" refers to the ability of the ink-jet ink to retain its chroma and/or optical density 

45 as well as other hue properties overtime. 

[0024] As used herein, "optical density" refers to the fullness and Intensity characteristics of an Inkjet ink after appli- 
cation to a print medium. These visual effects are generally a measure of the concentration of ink at a given point on 
a print medium. Optical density may in one aspect be calculated as the negative log of the ratio of the light reflected 
off of the print media divided by the amount of light incident on the print media. 

50 [0025] Concentrations, amounts, and other numerical data may be expressed or presented herein in a range fonnat. 
It is to be understood that such a range fomnat is used merely for convenience and brevity and thus should be interpreted 
flexibly to include not only the numerical values explicitly recited as the limits of the range, but also to include all the 
individual numerical values or sub-ranges encompassed within that range as if each numerical value and sub-range 
is explicitly recited. 

55 [0026] As an illustration, a concentration range of "about 0.2% w/w to about 8% w/w" should be interpreted to include 
not only the explicitly recited concentration of about 0.2% to about 8% w/w, but also include individual concentrations 
and the sub-ranges within the indicated range. Thus, Included In this numerical range are individual concentrations 
such as 2% w/w, 5% w/w, and 6% w/w, and sub-ranges such as from 1 % w/w to 3% w/w, from 2% w/w to 6% w/w, etc. 
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The same principle applies to ranges reciting only one numerical value. 

[0027] Similarly a range recited as "less than about 8% w/w" should be interpreted to include all of the values and 
ranges as elaborated above for the range of "from about 0.2% w/w to about 8% w/w." Furthermore, such an interpre- 
tation should apply regardless of the breadth of the range or the characteristics being described. 



Invention 



[0028] Accordingly, the present invention relates to images made from small volume Inkjet Ink drops using inks that 
produce visual quality characteristics similar to images made with large volume ink drops. Such images achieve a level 
10 resolution and detail that greatly surpasses large volume drop images, while maintaining visual quality characteristics 
such as lightfastness, optical density, and chroma. Images of this type may be used in a wide variety of high quality 

applications, such as photo printing, etc. 

[0029] The ink drop volume of images made in accordance with the present Invention include small volumes of about 
1 0 pi and below. In one aspect, the Ink drop volume may be less than about 8 pi. In another aspect, the Ink drop volume 
15 may be less than about 5 pi. 

[0030] The Inkjet Inks useful in the present Invention generally include one or more metalized dyes having heterocyclic 
nitrogens and diazo bonds. The heterocyclic nitrogens may further act to complex or chelate a transition metal. Exam- 
ples of suitable transition metals include without limitation nickel, copper, iron, and/or cobalt. 

[0031] In one aspect the metalized dyes may include a pyridine group bonded to a quinolinol group through an azo 
20 bond In another aspect, the metallized dye may include a pyridine group bonded to a naphthalene group through an 
azo bond. In yet another aspect, metalized dyes of these types may be at least a tridentate dye, wherein the metal ion 
is chelated with a heterocyclic nitrogen and an azo nitrogen. 

[0032] The metal in the dye may be chelated or complexed to any one or more of the nitrogens in the dye. For 
example, metal chelates or complexes may be fomied with the heterocyclic nitrogens, nitrogens of the diazo bond, 
25 and nitrogens of groups bonded to the heterocyclic nitrogen ring through the diazo bond, e.g., a naphthalene group or 

quinolinol group. , , x . -^u *u 

[0033] Among others, two general classes of metallized dyes have been found to be particularly useful with the 
present invention. The first class of dyes includes metallized pyridyiazoquinolinol (PAQ) dyes, and the second class 
includes metallized pyridylazonaphthol (PAN) dyes. 
30 Representative class structures are depicted as follows: 





PAQ PAN 



[0034] In the above compounds, Me represents a transition metal cation that is complexed or chelated to the hete- 
rocyclic nitrogen and/or a diazo bond nitrogen by means of ionic, coordinate covalent, or covalent bonding. Such bonds 
have not been specifically represented in the stmctures because the exact nature of the bonding, e.g.. covalent, ionic, 
55 Tc-bond, coordinate covalent, etc., between the electron rich ligand and the electrophillc transition metal cannot be 
drawn by conventional metal to ligand bonding lines. 

[0035] Additionally, a variety of structural variations to the ligand can be implemented in order to modify the func- 
tionality of the dye In accordance with the present invention. U.S. Patents 4.1 47.544 4.1 65.238. 4,357,41 0. 4,357,41 1 . 
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4,357,412, 5,980,622, 5,997,622, and 6,001 ,161 , each of which are incorporated herein in their entirety, disclose such 
structural variations to the above-represented PAN and PAQ compounds, 

[0036] For example, U.S. Patent 6,001,161 teaches that any of the aromatic rings can be modified at appropriate 
sites by unsubstituted alkyi group of 1 -6 carbon atoms, a substituted or unsubstltuted aryl group of 6-1 0 carbon atoms, 

5 a substituted or unsubstituted heteroaryl group of 5-10 atoms, halogen, cyano, nitro, a substituted or unsubstituted 
alkoxycarbonyl group of 1-6 carbon atoms, a substituted or unsubstituted alkoxy group of 1-6 carbon atoms, hydroxy, 
a polyoxyalkylene group of 2-20 alkylene oxide residues, carboxy or a salt thereof, sulfo or a salt thereof, phospho or 
a salt thereof, carbamoyl, a substituted or unsubstituted alky!-, aralkyi-, aryl-, diaryl- or dialkyl-carbamoyi group of 1 -20 
carbon atoms, sulfamoyi, a substituted or unsubstituted alky!-, aralkyi-, aryl-, diaryl- or dialkyl-sulfamoyi group of 1-20 

10 carbon atoms, acylamino, sulfonylamino, amino, a substituted or unsubstituted alkyI-, aralkyi-, aryl-, diaryl- ordialkyl- 
amino group of 1-20 carbon atoms or a quaternary ammonium or phosphonium group. Additionally, U.S. Patent 
5,980,622 teaches that one of the aromatic structures can be modified with SO3M wherein M is a positively charged 
moiety, or SO2NR4R5 where R4 and R5 are independently selected from the group consisting of hydrogen and hydro- 
phobic oil-solubiiizing moieties, or R4 is selected from the group consisting of hydrogen and hydrophillc water-solubi- 

15 lizing moieties and R5 is selected from the group consisting of hydrophillc water solubilizing moieties. 

[0037] Examples of specific pyridylazoquinolinol (PAQ) dyes and pyridylazonaphthol (PAN) dyes that may be used 
In accordance with the present Invention, and which are within the scope of the PAQ and PAN compounds delineated 
above include without limitation: 

20 
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Me N COOH 
N Y ^ 

10 JL COOH 




N 




Me 



(1:1 Ligand/Me) (2:1 Ligand/Me) 



[0038] As mentioned earlier, in the dye structures listed above, the Me group represents a transition metal which is 

20 cheiated or complexed to the ligand structure. The ligand/Me ratios specified indicate the typical ligand to metal ratio 
which Is achieved by the particular dye. Those skilled in the art will readily recognize that the actual ligand/Me ratio 
may vary depending on the properties of the specific metal used. Further, the it is believed that the Me ion coordinates 
or complexes with three or more nitrogen atoms present on each ligand structure, i.e., one of the azo nitrogens, a 
pyridine nitrogen, and a quinolinol nitrogen (PAG). With respect to the 1 :1 ligand/Me complexes, only one ligand is 

25 bound to the metal ion. Thus, depending upon the presence of pendant coordinating moieties, and upon the specific 
^ metal used, there are a number of additional coordination sites available on the metal. These unbound coordination 
sites are most !il<ely filled by water, or as in some cases other portions of the ligand can bind to the metal ion as well. 
[0039] With several dyes, a small amount of pyridine, e.g., about 1% by weight, can be added to the ink to improve 
the solubility. Additionally other factors may be adjusted to achieve desired solubility, such as pH. 

30 [0040] In one aspect, the ink used in the present invention may include an effective amount of one or more metalized 
dyes having at least one heterocyclic nitrogen ring and a diazo bond wherein the heterocyclic nitrogen is chelated or 
complexed to a transition metal. In another aspect, the amount of dye may be from about 0.2% w/w to about 8.0 % w/ 
w of the ink. In yet another aspect, the amount of dye may be from about 1 .1% w/w to about 6% w/w of the mk. 
[0041] In addition to the above-recited metalized dyes, the inks used in the present invention generally include an 

35 Ink vehicle in order to form the ink, or ink formulation. Many well-known ink vehicles may be used in combination with 
the dyes disclosed herein to produce the ink composition of the present invention. A variety of ingredients in varying 
amounts may be included in the ink vehicle of the present composition, such as water, organic solvents, surface-active 
agents buffers, viscosity modifiers, biocides, surfactants, and metal chelators. 

[0042] ' Water may make up a large percentage of the overall ink vehicle of the present invention. In one aspect, the 
40 water may be deionized water in an amount of from about 51 to 90 percent by weight of the ink composition. Vanous 
deionlzation techniques and states for water are known. In one aspect, the water may be deionized at 18 Mohm. 
[0043] Organic solvents, or co-solvents may be included as a component of the ink vehicle, and are generally wa- 
tersoluble solvents. In one aspect, the amount of organic solvent component may be from about 10 to about 49 percent 
by weight of the ink vehicle. 

45 [0044] One or more solvents may be used to achieve the amount specified above. Further, when a mixture of solvents 
is used, the combination may be Included In a variety of ratios when necessary to achieve a specific result. 
[0045] ' Examples of suitable solvents include without limitation: nitrogen-containing heterocyclic ketones, such as 
2-pyrrolidone N-methyl-pyn-olid-a-one, 1 ,3-dimethylimidazolid-2-one, and octyl-pyrrolidone; diols such as ethanediols, 
(e.g., 1-2-ethandlol), propanediols (e.g., 1,2-propanediol, 1 .3-propanediol, 2-ethyl-2-hydroxy-methyM ,3-propanediol, 

50 ethylhydroxy-propanedlol),.butanediols (e.g.. 1 ,2-butanediol, 1 ,3-butanediol. 1 ,4-butanediol), pentanediols (e.g., 
1 5-pentanediol), hexanediols (e.g.. 1 ,6-hexanediol,2,5-hexanediol), heptanediols (e.g., 1 ,2-heptanedlol, 1 ,7-heptane- 
diol) octanediols (e.g., 1 ,2-octanediol 1 ,8-octainedio1); and glycols, glycol ethers and thioglycol ethers, commonly 
employed in ink-jet inks, such as polyalkylene glycols such as polyethylene glycols (e.g., diethylene glycol, tnethylene 
glycol, tetraethylene glycol), polypropylene glycols (e.g.. dipropylene glycol, tripropylene glycol, tetrapropylene glycol), 

55 polymeric glycols (e.g., PEG 200, PEG 300, PEG 400, PPG 400). and thiodiglycol. ^ 

[0046] When included, the surfactant ingredient may be added in an amount of up to about 5 percent by weight of 
the Ink composition. In one aspect, the surfactant may be present in an amount of from about 0.01 to about 4%. Such 
amounts may be achieved using a single surfactant ingredient, or a mixture of surfactant ingredients. 
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[0047] Generally, surfactants are used In order to Increase the penetration of the ink Into the print medlunn. A wide 
variety of surfactant classes may be used including without limitation, catlonic, anionic, zwitterionic or non-ionic sur- 
factants. One exannple of nonionic surfactants Is secondary alcohol ethoxylates. Such compounds are commercially 
available, for example, from Union Carbide Co. (Houston, Tex.) and other producers as the Tergltol, Surfynol, and 
5 Dowfax series, such as TERGITOL 15-S-5, TERGITOL 15-S-7. SURFYNOL 104E, SURFYNOL 440, and DOWFAX 
8390. 

[0048] The secondary alcohol ethoxylates contain (a) an aliphatic chain having a prescribed number of carbon atoms 
In the chain, and (b) a prescribed number of ethoxylated units. These ethoxylates are commercially available as mix- 
tures of ethoxylates, and so are described in terms of the predominance of a given compound. Examples of other 
10 classes of surfactants those skilled in the art will readily recognize specific examples of the other classes of surfactants 
recited above, as well as any other suitable surfactants for use with the present invention. 

[0049] The ink vehicle of the present ink composition may optionally include up to about 5 percent by weight of a 
bloclde. In one aspect, the biocide maybe present in an amount of up to about 1 percent by weight of the Ink composition. 
In a further aspect, the biocide may be present in an amount of up to 0.2 percent by weight of the ink composition. 

15 Such amounts may be the result of a single bloclde ingredient, or a mixture of two or more biocldes. 

[0050] Any of the biocides commonly employed In Inkjet inks, and known to those skilled in the art may be used In 
the practice of the present Invention, such as NUpSEPT 95, available from Hals America (Piscataway, N.J.); PROXEL 
GXL, available from Zeneca (Wilmington, Del.); and glutaraldehyde, available from Union Carbide Company (Bound 
Brook, N.J.) under the trade designation UCARCIDE 250. In one aspect, the biocide Is PROXEL GXL. 

20 [0051] In addition to the above-recited ingredients, the present Inkjet ink composition may include a buffer agent. In 
one aspect, the buffer agent may be present in an amount of up to about 5 percent by weight of the ink composition. 
In another aspect, the buffer may be present in an amount of up to about 1 percent by weight of the ink composition. 
These amounts may be achieved using a single buffer agent, or a combination of buffer agents. 
[0052] The buffers in the ink vehicle are primarily used to modulate pH. Such buffers can be organic-based biological 

25 buffers, or inorganic buffers. The specific type and amount of buffer may be readily selected by one of ordinary siciil In 
the art In order to achieve a specific result. 

[0053] Metal chelator agents may be included in the ink vehicle of the present ink composition. In one aspect, the 
metal chelator may be present In an amount of up to about 2 percent by weight. In another aspect, the metal chelator 
may be present In an amount of up to about 1 percent by weight of the ink composition. In a further aspect, the metal 
30 chelator may be present in an amount of up to about 0.1 percent of the ink composition. In yet another aspect, the 
metal chelator may be present in an amount of up to about 0.01 percent by weight of the ink composition. One or more 
metal chelators may be used to achieve these amounts. 

[0054] Small and moderate quantities of metal chelators may be employed in the practice of the invention to bind 
transition metal cations that may be present In the Ink. However, care must be taken to ensure that such metal chelators 

35 are used sparingly, as excessive amounts may reduce, rather than increase, the ability of the metal cation to chelate 
with the nitrogens on the dye. A variety of metal chelators may be used In connection with the present Invention as will 
be recognized by those skilled In the art. Examples of suitable metal chelators include without limitation, Ethylenedl- 
aminetetra acetic acid, Diethylenetrlaminepentaacetic acid, trans-1 ,2-dlamlnocyclohexanetetraacetlc acid, (ethylene- 
dioxy) diethylenedinitrilotetraacetic acid (EGTA), and other chelators that bind transition metal cations. In one aspect, 

40 the metal chelator is EDTA. 

EXAMPLE 

[0055] In order to demonstrate the superior visual characteristics of the present images and methods, the following 
45 test was conducted. Separate small drop and large drop images were formed on a Boise Cascade Offset paper sub- 
strates using an HP Business InkJet 2200 printer with 4.5 and 18 picollter (pi) pens respectively. Ink Formulations 1 
and 2 as enumerated in Table 1. below were prepared for testing in both the small and large drop volume images. The 
ink dye PAQ 98 of Formulation 2 is a metalized dye having at least one heterocyclic nitrogen ring and a diazo bond 
wherein the heterocyclic nitrogen is chelated or complexed to a transition metal In accordance with the present inven- 
tion. 



Table 1 





Grams of Component 


Component 


Formulation 1 


Formulation 2 


Di carboxylic acid 
Octyl dimethyl glycine 


1.292 
1.105 


0 

1.043 
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Table 1 (continued) 
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Grams of Component 


Component 


rorrnuiduoii i 


Fnrmulation 2 


Oleyl triethoxy nnono diphosphate 


U. 1 o 


0.106 


Secondary alcohol ethoxylate 


0.17 


0.171 


Alky] diol 


2.955 


2.866 


2-pyrrolidlone 


1.484 


1 .429 


Ethoxylated Glycerol 


0.858 


0.794 


Nonionic surfactant 


0.13 


0.12 


Chelator 


0.024 


0.024 


De-ionized water 


7.766 


17.507 


Dye PAQ 98 


0,0' 


0.737 


AR52 as a8.15%soln. 


9.257 


0.0 



r00561 Followingprinting.eachimagewasfadGdforonedayusinghighintensityfluorescentlights.Theopticaldensi^ 
(O.D.) of each sample was read before and after fade. The optical density perfotmance results of each image are 
shown in Table 2 below. 



Table 2 



Ink and Pen Volume 


Avg. Starting O. 
D. 


Avg. Ending 0. 
D. 


% 

Remaining 


Small/Large Drop 
Diff. 


PAQ 98 Dye 4.5 pi pen 


0.21 


0.16 


79.0% 




PAQ 98 Dye 18 pi pen 


0.38 


0.33 


87.6% 


90.2% 


AR452 Dye 4.5 pi pen 


0.15 


0.02 


13.0% 




AR52 Dye 18 pi pen 


0.50 


0.13 


26.2% 


49.8% 



r0057] As can be seen from these results, the images of the present invention achieve visual qualities which are 
siqnificantly superiorto other small volume drop images. Such images present an exceptional level of detail and acuity, 
while retaining desired lightfastness and optical density properties to produce truly ultra-high quality images. 
ro058] It is to be understood that the above-described arrangements are only Illustrative of the application of the 
principles of the present invention. Numerous modifications and alternative arrangements may be devised by those 
skilled in the art without departing from the spirit and scope of the present invention and the appended claims are 
intended to cover such modifications and arrangements. Thus, while the present invention has been descnbed above 
with particularity and detail in connection with what is presently deemed to be the most practical and preferred embod- 
iments of the invention, it will be apparent to those of ordinary skill in the art that numerous modifications, including, 
but not limited to. variations in size, materials, shape, fomi, function and manner of operation, assembly and use may 
be made without departing from the principles and concepts set forth herein. 
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Claims 

1 . An image on a substrate comprising: 

a plurality of small volume Inkjet ink drops, said ink having an ink vehicle and a metalized dye having a hete- 
rocyclic nitrogen and a diazo bond wherein the heterocyclic nitrogen is chelated or complexedto a transition 
metal. 

2. The image of claim 1 , wherein the ink drop volume is less than about 5 pi. 

3. The image of claim 1 , wherein the metalized dye comprises a pyridine group bonded to a quinolinol group through 



an azo bond. 



4. The image 



of claim 3, wherein the metalized dye is at least a tridentate dye. and the transition metal is chelated 
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with the heterocyclic nitrogen and an azo nitrogen. 

5. The image of claim 1, wherein the metalized dye comprises a pyridine group bonded to a naphthalene group 
. through an azo bond. 

6. The image of claim 1 , wherein the transition metal is selected from the group consisting of niclcel, copper, iron, 
cobalt, chromium, and combinations thereof. 

7. The Image of claim 1 , wherein the metalized dye has a ligand to transition metal molar ratio of 2:1 . 

8. The Image of claim 1 , wherein the metalized dye has a ligand to transition metal molar ratio of 1 :1 . 

9. The Image of claim 1 , wherein the metalized dye is present in an amount of from about 0.2% w/w to about 8% w/ 
w of the ink, 

10. A method for creating an Inkjet image comprising the step of: 

Jetting small volume drops of an InkJet ink as recited in any preceding claim onto a substrate. 
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